In this paper we introduce a new class of closed and open sets called minimal gsg-closed, maximal gsg-closed, minimal gsg-open and maximal gsg-open sets and study their properties. Besides, we introduce and studied the sets namely gsg-semi-maximal open and gsg-semi-minimal closed sets. Continuous and irresolute maps via these sets are also introduced and we establish some of its properties.
Introduction
Nakaoka and Oda [5] [6] [7] have introduced the concept of minimal and maximal closed sets, which plays a significant role in general topolology. The investigation of these closed sets has led to define several separation axioms, which have been found to be very useful in computer science and digital topology. After the introduction of these closed sets, the notion have been studied in recent years by many topologists [1] [2] [3] [4] 9, 10] . Lellis et al [8] introduced and studied the properties of generalized sg-closed sets in topological spaces. By the inspiration of these developments, we introduce a new class of closed and open sets called minimal gsg-closed, maximal gsg-closed, minimal gsg-open and maximal gsg-open sets and study their properties. In section 3, We introduce and study the properties of minimal gsg-open sets and maximal gsg-closed sets and in section 4, we introduce and study the properties of minimal gsg-closed sets and maximal gsg-open sets. Section 5 is devoted to introduce the concept of gsgsemi-maximal open sets and gsg-semi-minimal closed sets and to study some of its properties. In section 6, we introduce continuous and irresolute mappings by using these closed sets and study some of their fundamental properties.
Preliminaries
By a topological space we shall mean non empty set X together with topology τ and denote it by (X,τ ). Throughout this paper, (X, τ ), (Y , σ) and (Z,η) ( or simply X, Y and Z) always mean topological spaces. For a set A of (X,τ ), Cl(A), Int(A) and 1 − A denote closure, interior and complement of A respectively. The gsg-closure (resp. gsg-interior) of a set A of (X,τ ) is the intersection of all the gsg-closed sets that containing A (resp. union of all the open sets contained in A) and is denoted by gsg-Cl(A) (resp. gsg-Int(A)). Definition 2.2. [5] A proper non empty closed subset A of X is said to be minimal closed if any closed set which is contained in A is φ or A. A proper non empty closed subset A of X is said to be maximal closed if any closed set which is contains A is X or A.
The following duality principle holds [5] for subset A of a topological space X:
(1) A is minimal closed if and only if X − A is maximal open. Definition 2.5. [8] A space (X, τ ) is called a T gsg sapce if every gsg-closed set in it is closed.
is gsg-closed in (X,τ ) for every closed set V of (Y,σ).
is gsg-closed in (X,τ ) for every gsg-closed set V of (Y,σ).
Minimal gsg-open sets and Maximal gsgclosed sets:
In this section we introduce and study the properties of Minimal gsg-open sets and Maximal gsg-closed sets. Proof. Let x ∈ X, A ⊂ X and x ∈ gsg-Cl(A). We prove the result by the method of contradiction. Suppose there exists a gsg-open set U containing x such that U ∩ A = φ. Then A ⊂ X − U and X − U is gsg-closed. We have gsg-Cl(A) ⊂ X − U . This gives x / ∈ gsg-Cl(A), which is contradiction. Hence U ∩ A = φ for every gsg-open set U containing x. Conversely, let U ∩ A = φ for every gsg-open set U containing x. We prove the result by the method of contradiction. suppose x / ∈ gsg-Cl(A). Then there exists a gsg-closed subset 
Since U is non empty, we have U ∩ B = φ. Since B is any gsg-open set containing x, by above theorem (3.15) 
Suppose A is not a minimal gsg-open set. Then there exists a nonempty gsg-open set B such that B ⊂ A and B = A. Now there exists an element x ∈ A such that x / ∈ B, which implies x ∈ X − B. That is gsg-Cl({x}) ⊂ gsg-Cl(X − B) = X − B, as X − B is gsg-closed in X. It follows that gsgCl({x}) = gsg-Cl(A). This is a contradiction to the fact that gsg-Cl({x}) = gsg-Cl(A), for any non empty subset {x} of A.Thus A is a minimal gsg-open set. 
Proof. Let
Also by thoerem(3.11), A ∩ A λ = φ or A = A λ for any λ ∈ Γ. Hence there exists an element λ ∈ Γ such that A = A λ . 
Then there exists an element λ ∈ Γ such that A ∩ A λ = φ. By theorem(3.11), we have A = A λ , which is a contradiction to the fact that A = A λ for any λ ∈ Γ. Hence ( λ∈Γ A λ ) ∩ A = φ. (i) Let A be maximal gsg-closed set and B be a gsg-closed set. Then A∪B = X or B ⊂ A.
(ii) Let A and B be maximal gsg-closed sets. Then A ∪ B = X or A = B Proof.
(i) Let A be a maximal gsg-closed set and B be a gsg-closed set. If A ∪ B = X, then there is nothing to prove. If A ∪ B = X. Then A ⊂ A ∪ B and A ∪ B is gsg-closed. We have A ∪ B = A, as A is maximal ggs-closed set. Then we hvae B ⊂ A.
(ii) Let A and B be maximal gsg-closed sets. If A ∪ B = X, then A ⊂ B and B ⊂ A by (i). Therefore A = B. Theorem 3.24. Let A be a maximal gsg-closed set. If x ∈ A then for any gsg-closed set B contaning x, A ∪ B = X or B ⊂ A.
Proof. Let A be a maximal gsg-closed set and x ∈ A. Suppose there exists gsg-closed set B containing x such that A ∪ B = X. Then A ⊂ A ∪ B and A ∪ B is a gsg-closed. Since A is a maximal gsg-closed, we have A ∪ B = A. Hence B ⊂ A.
Proof. Given that A α ∩ A β ⊂ A ν . If A α = A ν , then there is nothing to prove. But if A α = A ν then we have to prove
Since A β and A ν are maximal gsg-closed sets, we have A β = A ν . Therefore A β = A ν . Theorem 3.26. Let A α , A β and A ν be maximal gsg-closed sets which are different from each other.
Since by theorem(3.23) , A α ∪A ν = X and A α ∪A β = X which implies X ∩A β ⊂ A ν ∩X which gives A β ⊂ A ν . From the definition of maximal gsg-closed set it follows that A β = A ν , which is contradicts that A α , A β and A ν are different from each other. Hence (
Theorem 3.27. Let A be a maximal gsg-closed set and x ∈ A. Then A = ∪{B : B is a gsg-closed set containing x such that A ∪ B = X}.
Proof. By theorem(3.24) and the fact that A is a gsg-closed set containing x, we have A ⊂ ∪{B : B is a gsg-closed set containing x such that A ∪ B = X} ⊂ A. Hence the result. Proof. If A is maximal gsg-closed, we may take B = A. If A is not a maximal gsg-closed set, then there exists (cofinite) gsg-closed set A 1 such that A ⊂ A 1 = X. If A 1 is a maximal gsg-closed set, we may take B = A 1 . If A 1 is not a maximal gsg-closed set, then there exists (cofinite) gsg-closed set A 2 such that A ⊂ A 1 ⊂ A 2 = X. Continuing this process, we have a sequence of gsg-closed sets such that A ⊂ A 1 ⊂ A 2 ⊂ . . . ⊂ A k ⊂ . . . = X. since A is a cofinite set, this process will end in a finite number of steps. Then finally we get a maximal gsg-closed set B = B n for some natural number n. Proof. Let A be a maximal gsg-closed set and x ∈ X − A. Let B be gsg-closed set containing x. Then by theorem (3.20) , either A ∪ B = X or B ⊂ A. But B ⊂ A, for any gsg-closed set B containing x. Therefore X − A ⊂ B.
Theorem 3.30. Let A be a nonempty gsg-closed set. Then the following are equivalent:
(1) A is a minimal gsg-closed set.
(2) A ⊂ gsg-Int(U ), for any non empty subset U of A.
(3) gsg-Int(A) = gsg-Int(U ), for any non empty subset U of A.
Proof. (1) ⇒ (2): Let A be minimal gsg-closed set. Let x ∈ A and U be a nonempty subset of A.There exists a gsg-closed set B containing x such that A ⊂ B. Then we have U ⊂ A ⊂ B which implies U ⊂ B. Now U = U ∩ A ⊂ U ∩ B. Since U is non empty, we have U ∩ B = φ. Since B is any gsg-closed set containing x,x ∈ gsg-Int(U ). That is x ∈ A implies x ∈ gsg-Int(U ). Hence A ⊂ gsg-Int(U ), for any non empty subset U of A. Suppose A is not a minimal gsg-closed set. Then there exists a nonempty gsg-closed set B such that B ⊂ A and B = A. Now there exists an element x ∈ A such that x / ∈ B, which implies
. This is a contradiction to the fact that gsg-Int({x}) = gsg-Int(A), for any non empty subset {x} of A.Thus A is a minimal gsg-closed set.
Similarly we prove all the above properties for Minimal gsg-closed and Maximal-open sets.
gsg-semi-maximal open sets and gsg-semiminimal closed sets
In this section we introduce and study the properties of gsg-semi-maximal open sets and gsg-semi-minimal closed sets. Proof. Since A is a gsg-semi-maximal open set of X, then there exists a max-
Theorem 4.5. Let A be a gsg-semi-minimal closed set of X if and only if there exists a minimal gsg-closed set B in X such that Int(B) ⊂ A ⊂ B.
Proof. Suppose A is gsg-semi-minimal closed set of X.
Conversely, Suppose that there exists a minimal gsg-closed set B in X such that
Theorem 4.6. Let B be a gsg-semi-minimal closed set of X if Int(B) ⊂ A ⊂ B, then A is also gsg-semi-minimal closed in X.
Proof. Let B be a gsg-semi-minimal closed set of X. Then there exists a minimal gsg-closed set U such that Int(U ) ⊂ B ⊂ U and since
Therefore A is a gsg-semi-minimal closed set in X. 
Proof. Proof. Let f be a minimal(maximal) gsg-continuous. Let A be a closed set in Y . Since every closed set is gsg-closed [8] , A is gsg-closed. By hypothesis Y is T min−gsg (T max−gsg ) space, it follows that A is a minimal(maximal) closed set in Y . Since f is minimal(maximal) gsg-continuous, f −1 (A) is an gsg-closed in X. Therefore f is a gsg-continuous. Proof. Let f : X → Y be a minimal(maximal) gsg-irresolute map. Let A be any minimal(maximal) closed set in Y . Since f is minimal(maximal) gsgirresolute, f −1 (A) is a minimal(maximal) gsg-closed set in X. That is f −1 (A) is a gsg-closed set in X. Hence f is a minimal(maximal) gsg-continuous. 
